Surgery for repair of cleft lip and cleft palate in children involves relatively more vascular areas 1,2 and it is common practice to infiltrate with adrenaline to improve the quality of the surgical field [3] [4] [5] . Infiltrated adrenaline is absorbed systemically and can often produce undesirable haemodynamic effects such as increased heart rate (HR) and/or blood pressure (BP), rebound bleeding from the surgical site and may also induce arrhythmias with certain inhalational anaesthetic agents [6] [7] [8] [9] [10] . Murthy and colleagues studied cardiovascular responses to scalp infiltration with different concentrations of adrenaline with and without lignocaine during craniotomy in adults 11 . This study showed that 1:100,000 adrenaline caused significant tachycardia whereas significant hypertension was seen with both adrenaline 1:100,000 and 1:200,000. The addition of lignocaine to adrenaline infiltration attenuated the hypertensive response. There are no studies in the literature on the effect of adding lignocaine to adrenaline infiltration of the surgical field in children. Therefore, the current study was undertaken to compare haemodynamics, quality of the surgical field and postoperative analgesia following surgical field infiltration of different concentrations of adrenaline with and without lignocaine in cleft lip and/or palate surgery in children.
MATERIAL AND METHODS
After approval of Institutional Ethics Committee and written informed consent of parents/guardians, a prospective randomised controlled double-blinded trial was conducted in 100 American Society of Anesthesiologists physical status I children aged six months to seven years scheduled for repair of cleft lip and/or palate. Children with cardiac, respiratory, hepatic or renal diseases and those with a previous history of allergic reaction to lignocaine were excluded. The patients were randomised into four groups according to infiltrating solution and were assigned by computer-generated random numbers. Individual patients were allocated by the opaque closed envelope method. The four groups were group A: adrenaline 1:400,000, group B: adrenaline 1:200,000, group C: lignocaine + adrenaline 1:400,000 and group D: lignocaine + adrenaline 1:200,000. Normal saline was used as the diluent and the total volume of infiltrating solution in all groups was 1 ml/kg, not exceeding a total of 15 ml. The dose of lignocaine in groups C and D was restricted to 7 mg/kg.
A standard protocol was used to anaesthetise children in all groups. After arrival in the operating room, inhalation of sevoflurane was used for induction of anaesthesia followed by intravenous morphine 0.1 mg/kg for analgesia and intravenous atracurium 0.5 mg/kg for muscle relaxation. After endotracheal intubation, low flow anaesthesia was provided at 1 to 1.2 minimum alveolar concentration (MAC) isoflurane in 50% nitrous oxide + oxygen and end-tidal carbon dioxide (EtCO 2 ) was maintained at 35 to 40 mmHg. In all children, 10 ml/kg of normal saline was infused intravenously before the study period. Intraoperatively, all children were monitored with electrocardiogram, pulse oximetry, non-invasive blood pressure, EtCO 2 , end-tidal isoflurane concentration, combined MAC values and temperature. The baseline values of HR, systolic blood pressure, diastolic blood pressure and mean blood pressure were recorded after the children were haemodynamically stable following surgical positioning: the mean value of two readings taken five minutes apart was taken as the baseline measurement. The surgeon would prick the infiltration site 15 minutes after isoflurane MAC values had stabilised between 1 to 1.2% and wait for three minutes before injecting the drug. Any child with >20% change in haemodynamics in response to needle prick within three minutes was excluded. The surgical incision was made 10 minutes after infiltration. After infiltration, haemodynamic parameters were recorded every minute for 30 minutes and thereafter every five minutes till the end of surgery. The same operating surgeon assessed and scored the surgical field during all procedures. The scoring system was graded from 1 to 5 as described by Cohen and colleagues 12 , where 1=minimal bleeding, excellent visualisation; 2=some bleeding, suctioning is seldom needed, good surgical field settings; 3=bleeding, frequent suctioning needed, fair surgical field settings; 4=bleeding, suctioning and packing are needed, uncomfortable surgical field settings and 5=bleeding profusely, impossible surgical field settings.
At the end of the surgical procedure, after adequate recovery of neuromuscular function, the trachea was extubated. The children were transferred to the post anaesthesia recovery unit for observation. Postoperatively, pain assessment was done with the Face, Legs, Activity, Cry, Consolability (FLACC) behavioural pain assessment scale 13, 14 hourly for three hours and was graded as mild (score 0 to 3), moderate (4 to 7) or severe (7 to 10). No analgesic was given for mild pain. Slow intravenous paracetamol 10 to 15 mg/kg was used to treat moderate pain. In cases of severe pain or pain not relieved by intravenous paracetamol in 15 minutes, intravenous fentanyl 0.5 to 1 µg/kg was administered.
The primary outcome measure was change in cardiovascular responses of mean, systolic and diastolic blood pressures and HR after surgical field infiltration. The secondary outcome measures were time to maximum change in haemodynamic parameters after infiltration, quality of surgical field and postoperative pain relief. Tachycardia was defined as an increase in HR >20% of the baseline, hypertension was defined as an increase in mean BP >20% of the baseline and hypotension was defined as a decrease in mean BP >20% of the baseline. Sample size calculation showed that 25 patients in each group would be required to detect a difference of 30% in mean BP or HR with an alpha error of 0.05 and beta error of 0.2.
Statistical analysis was done with Statistical Product for the Social Sciences (SPSS, Chicago, Illinois, USA) software version 16. The demographic characteristics of the patients were compared by one-way analysis of variance and chi-square test. Changes in haemodynamic variables within the group were analysed by repeated measures analysis of variance and paired t-test. Changes in haemodynamic variables between the groups were analysed by oneway analysis of variance and post hoc test (Turkey's HSD). Quality of surgical field and FLACC scores were analysed with Kruskal Wallis test. A P value <0.05 was considered statistically significant.
RESULTS
One hundred consecutive children who fulfilled the inclusion criteria were randomised, with 25 children in each group. All children who were The data expressed as mean±SD except those marked as * wherein the values are numbers.
figure 1: Haemodynamic changes after infiltration. A) depicts heart rate, B) depicts mean blood pressure, C) depicts systolic blood pressure and D) depicts diastolic blood pressure. * indicates time-points when P <0.05 on comparing from baseline and # indicates P <0.05 when comparing between the groups. HR=heart rate, MAP=mean arterial pressure, SBP=systolic blood pressure, DBP=diastolic blood pressure.
randomised completed the study protocol. The demographic and surgical characteristics were comparable in all groups ( Table 1 ). The rise in HR from baseline was statistically significant in all groups ( Figure 1A) : at 1 to 15 minutes in group A, at 1 to 30 minutes in group B, at 1 to 12 minutes in group C and at 1 to 14 minutes in group D (P <0.05). The time to peak rise in HR after infiltration was similar in all groups: 4.3±2.4 minutes in group A, 3.8±1.5 minutes in group B, 5.7±3.2 minutes in group C and at 5.9±4.9 minutes in group D. However, intergroup comparison revealed a statistically significant increase in HR only in group B at 1 to 7 minutes (P <0.001).
A statistically significant rise in mean BP compared to baseline was noted in all groups after infiltration: at 2 to 11 minutes in group A, at 1 to 30 minutes in group B, at 2 to 11 minutes in group C and at 2 to 8 minutes in group D (P <0.05). The maximum change in mean BP was observed at 4.4±2.4 minutes, 4.7±2.7 minutes, 5.3±1.8 minutes and at 5.2±2.4 minutes in groups A, B, C and D respectively. The intergroup comparison showed a significant rise in mean BP only in group B at 1 to 6, 9 to 17, 19, 21 and 23 to 27 minutes (P <0.001) ( Figure 1B) . The pattern of change in mean BP closely corresponded to changes in systolic and diastolic blood pressures in all groups (Figures 1C and D) .
The surgical field scoring was comparable in all four groups (Table 2 ). Median FLACC scores as well as rescue analgesia requirement at one and two hours postoperatively were higher in groups A and B as compared to groups C and D (P <0.01) ( Table 2) .
DISCUSSION
This study was conducted to evaluate the haemodynamic effects of 1:200,000 and 1:400,000 concentrations of adrenaline infiltration during surgical repair of cleft lip and cleft palate and also to assess whether these effects could be ameliorated by the addition of lignocaine. An important strength of the current study is that the combined MAC values were successfully maintained at 1 to 1.2 throughout the study period in all subjects to ensure similar depth of anaesthesia. Moreover, the surgeon was asked to proceed with infiltration only after ensuring adequate depth of anaesthesia and analgesia as tested by the needle prick. Any child who had haemodynamic response to needle prick to the magnitude of >20% from baseline was excluded from the study. The earlier studies on haemodynamic effects of adrenaline infiltration in adults did not ensure uniform depth of anaesthesia by any quantitative anaesthetic depth monitoring end-point at the time of infiltration 5, 11, 12, [15] [16] [17] [18] . Hence, post-infiltration haemodynamic changes observed might be confounded by responses to needle prick pain, at least in some cases.
In our study, though statistically significant increases in HR and BP were found within each group, the changes were most pronounced and significant on intergroup comparison only in the adrenaline 1:200,000 group after infiltration. Cohen et al reported that haemodynamic changes with adrenaline infiltration depend on total volume and dose of adrenaline in the infiltration solution, vascularity at the site of injection and speed of systemic absorption 12 . This explains the significant rise in haemodynamic parameters following 1:200,000 adrenaline infiltration as compared to 1:400,000 adrenaline infiltration as the total dose of adrenaline (per kg body weight) was higher in the former group.
The addition of lignocaine to adrenaline infiltration of the scalp during craniotomy was reported to attenuate the haemodynamic responses to adrenaline 11 . This was attributed to the cardioprotective effect of lignocaine. In our study, significant tachycardia or a rise in BP was not seen when lignocaine was added to 1:200,000 adrenaline. Infiltration with 1:400,000 adrenaline also did not alter HR and BP to a significant extent and addition of lignocaine to this did not have any added advantage in terms of haemodynamic stability. Earlier studies in adults reported hypotension after infiltration with adrenaline and lignocaine at 1.5 to 2 minutes after infiltration. This was attributed to the β-2 effect of adrenaline at low concentration and also the vasodilatory effects of lignocaine [15] [16] [17] [18] where lignocaine was used in 1 to 2% concentrations. It has been shown that lignocaine has a vasodilatory effect at high concentrations, whereas it causes vasoconstriction at lower concentrations 19 . In our study, 0.5 to 0.7% lignocaine was used and this may explain the absence of hypotensive episodes. It may be possible that the absorption of adrenaline in the current study subjects resulted in a higher concentration than that required to stimulate β-2 receptors alone as the subjects were children who have high cardiac index compared to adults and the infiltration area was highly vascular [20] [21] [22] .
The comparable time to maximum rise in haemodynamic parameters (HR and BP) after infiltration may be used as a marker for the similar rate of adrenaline absorption from the surgical site in all the study groups. This may suggest that the two different doses of adrenaline used in this study and the addition of lignocaine have similar effects on the vasculature and absorption of adrenaline in cleft lip and/or palate surgery in children. Measuring serum concentrations of adrenaline could have been more valuable to address this issue; however, this was not possible in our set-up.
Similar to earlier studies 3,4,12 , the surgical field was excellent and comparable in all groups. The addition of lignocaine did not interfere with the quality of the surgical field. This may be explained by the fact that the concentration of lignocaine used was low enough (0.5 to 0.7%) not to cause local vasodilatation.
We found that postoperative pain scores (FLACC) and rescue analgesic requirement of fentanyl were lower in the lignocaine-added groups compared to the adrenaline-only groups. The analgesic property of lignocaine as well as the attenuation of incisional stress response by lignocaine may explain this beneficial effect. Sørensen et al have also shown the beneficial effect of peri-incisional injection of lignocaine on postoperative pain relief during tonsillectomy in children 4 .
In short, the current study shows that adrenaline 1:200,000 causes a significant rise in HR and BP, and diluting its concentration to 1:400,000 mitigates this effect during surgery for repair of cleft lip and palate in children. The addition of lignocaine in 0.5 to 0.7% concentration blunts the haemodynamic effects of 1:200,000 adrenaline with the added advantage of better postoperative pain relief. To conclude, adrenaline 1:400,000 or 1:200,000 with lignocaine 0.5 to 0.7% may be recommended as the agent of choice for surgical field infiltration during cleft lip and palate repair in terms of stable haemodynamics and better postoperative pain relief.
